of template DNA, 40 mM Tris-HCl pH 8.0, 6 mM MgCl 2 , 1 mM spermidine, 5 mM DTT, 0.01% Triton X-100, 1 mM each CTP, UTP and GTP, 10 µM [α- Protein-RNA interactions were analyzed using a band shift assay. Homogeneous wild-type LysRS and LysRS mutants were incubated at increasing concentrations with radiolabeled-RNA (25,000 cpm per point) in a 11 µl volume containing 20 mM Tris-HCl pH 7.5, 150 mM NaCl, 10 mM MgCl 2 , 10 mM 2-mercaptoethanol, 10% glycerol and BSA at 0.1 mg/ml. After incubation at 25 °C for 20 min, the mixture was placed on ice and loaded on a 6% polyacrylamide gel (mono:bis, 29:1) containing 5% glycerol in 0.5 × TBE pH 8.0 at 4 °C. After electrophoresis, the gel was fixed, dried and subjected to autoradiography. Free and bound tRNA was quantified by densitometry measurements. 
tRNA aminoacylation assay
Initial rates of tRNA aminoacylation were measured at 25 °C in 0.1 ml of 20 mM Imidazole-HCl buffer (pH 7.5), 100 mM KCl, 0.5 mM DTT, 12 mM MgCl 2 , 2 mM ATP, 180 µM enzymes appropriately diluted in 10 mM Tris-HCl (pH 7.5), 10 mM 2-mercaptoethanol, containing bovine serum albumin at 4 mg/ml. One unit of activity is the amount of enzyme producing 1 nmol of lysine-tRNA 
Lysine Activation assay
The isotopic [ 32 P]PP i -ATP exchange reaction was conducted as described previously (39). The assay mixture contained, in a final volume of 0.1 ml, 20 mM imidazole-HCl pH 7.5, 10 mM MgCl 2 , 0.1 mM EDTA, and 2 mM each of ATP, [ 32 P]pyrophosphate (2.5 Ci/mol), and lysine. The reaction was started by the addition of limiting amounts of enzymes (4 nM) appropriately diluted in 10 mM Tris-HCl, pH 7.5, containing 10 mM 2-ME and BSA at 4 mg/ml. After 10 min at 25 °C, the reaction was stopped by the addition of 2.5 ml of a solution containing 100 mM pyrophosphate, 50 mM sodium acetate pH 4.5, 0.35% perchloric acid and 0.4% Norit.
Samples were filtered through Whatmann n°1 filters, washed extensively with water and counted in a liquid scintillator. A unit of enzyme activity is defined as the amount of enzyme required to form 1 nmol of [
Results

Rationale for mutations in the eukaryote-specific N-domain of LysRS
Mammalian LysRS is a dimer of 2 × 68 kDa. A N-terminal deletion of 50 amino acid residues removes the eukaryotic-specific appended domain and results in a dimer of 2 × 62 kDa. This polypeptide extension precedes helix H1 from the anticodonbinding domain of bacterial LysRS (Fig. 1) . The truncated derivative of LysRS, LysRS-∆N, displayed a 50-fold lower apparent affinity for tRNA (Fig. 1) , and were good candidates to build the RNA-protein interface. Because no structural data is available for this domain, we sought to identify positions in this RNA-binding motif that would influence its function. For this purpose, we performed systematic substitution of these basic residues with alanines. These substitutions were K8A, K10A, K16A, K19A, K23A, R24A, R25A, K27A, K30A, K31A, K35A, K38A, and K40A.
Expression and purification of LysRS variants
Incorporation of additional sequences such as an His-tag in LysRS impairs its catalytic parameters (26). Thus, wild-type and mutant LysRS were isolated by Wild-type and mutant LysRS were purified to homogeneity using a standardized isolation scheme on S-Sepharose and Mono-Q columns. The binding of wild-type LysRS on S-Sepharose essentially rests on its N-domain: it is eluted at a potassium phosphate concentration of 140 mM whereas LysRS-∆N does not bind at a salt concentration of 25 mM. Among the different mutants, the six LysRS derivatives K16A, K19A, K23A, R24A, K27A, and K31A were eluted early in the gradient (95 to 110 mM), while other mutants were eluted at salt concentrations ranging from 120 to 140 mM. This observation suggested that the six lysine residues listed above are especially exposed to the solvent and are good candidates for interacting with tRNA. (Table 1) . Mutant K23A had a K M value that was increased more than 3-fold as compared with wild-type. Thus, it is worth noting that the single mutation of lysine-23 into alanine induced kinetic changes comparable to that observed for a complete deletion of the N-domain. Similarly, the four single mutants K19A, R24A, R25A, and K27A also displayed a significant increase in K M (2.1 . This minimalized substrate was used in a gel-mobility shift assay to examine its association with mutant enzymes (Fig. 3) .
Wild-type LysRS is known to bind this minimalized substrate with an apparent K d of 0.50 ± 0.05 µM (26). Mutants K8A, K10A, K16A, and K40A bound this stem-loop structure with a K d similar to wild-type. In contrast, the four mutants K19A, K23A, R24A, and K27A produced a much weaker complex, with K d increased more than 5-fold (Fig. 3) . Thus, mutations within the N-domain of LysRS mainly alter interactions of wild-type LysRS with the acceptor-TΨC stem-loop structure of tRNA 3 Lys .
The N-domain of LysRS is not intimately related to the core enzyme
Having shown that the tRNA binding site of the eukaryotic-specific N-domain of LysRS accommodates the four basic residues K19, K23, R24, and K27, we asked whether the N-domain and the core enzyme had to be physically linked to provide wild-type LysRS with RNA-binding properties. Previously, we found that the isolated core and N-domains of LysRS bind tRNA weakly, but act synergistically in the wild- In regard to the putative involvement of human LysRS in the selective packaging of tRNA 3 Lys in HIV-1 viral particle, our data suggest that the removal of the 27 Nterminal residues of LysRS, containing the tRNA-binding motif, would impair its propensity to bind tRNA Lys , and thus may preclude packaging of the primer RNA. While a polypeptide with an apparent M r of 63,000 has been identified in extracts of HIV-1 viral particles with antibodies directed to human LysRS, its size is significantly shorter than that of wild-type LysRS (apparent M r of 70,000) (32). Because the capacity of LysRS to be the carrier of tRNA 3 Lys into the virion is likely to be impaired by the loss of its N-domain, the polypeptide of M r 63,000 might result from the loss of C-terminal sequences. However the last strand of the antiparallel β-sheet that builds the active site of class IIb synthetases is located close to C-terminus. Accordingly, the removal of a few C-terminal residues in yeast LysRS (deletion of 15 residues) or AspRS (deletion of 10 residues), two class IIb enzymes closely related to human LysRS, is accompanied by their inactivation (28, 48) . This is at odds with the observation that aminoacylation of tRNA is a prerequisite for packaging (41). The actual LysRS species packaged into the virion remains elusive, but its propensity to carry tRNA 3 Lys into the viral particle should rest on the presence of the tRNA-binding residues identified in this work. The mobility shift of tRNA was visualized by autoradiography. In each assay, the bottom band corresponds to the free tRNA species. 
Figure legends
